(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(12) 



(43) Date of publication: 

29.09.1999 Bulletin 1999/39 

(21) Application number: 99301420.8 

(22) Date of filing: 25.02.1999 



(11) EP 0 945 590 A2 

EUROPEAN PATENT APPLICATION 

(51) lntC|6: E21B47/12 



(84) Designated Contracting States: 


(72) Inventor: Smith, Harrison C. 


AT BE CH CY DE DK ES R FR GB GR iE iT U LU 


Anna, Texas 75409 (US) 


MCNLPTSE 


Designated Extension States: 


(74) Representative: 


ALLTLViUKROSI 


Wain, Christopher Paul et al 




A.A. THORNTON & CO. 


(30) Priority: 27.02.1998 US 32486 


Northumberland House 


(71) Applicant: 


303-306 High Holbom 


London WCiy7LE(GB) 


Halliburton Energy Services, Inc. 


Dallas, Texas 75381 -9052 (US) 





(54) Electromagnetic downlinic and pickup apparatus 

(57) An electromagnetic downlink and pickup appa- 
ratus for transmitting and receiving electromagnetic sig- 
nals The electromagnetic downlink and pickup 
apparatus includes a subsea conductor (47) disposed 
beneath the sea floor (16) and a surface installation (58) 
for generating and interpreting signals. The subsea con- 
ductor (47) and the surface installation (58) are electri- 
cally connecting by first and second conduits (30, 51) 
that fbrrn a pair terminals on the subsea conductor (47) 
between which a voltage potential may be established, 
thereby providing a path for current f bw therebetween. 
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Description 

[0001] This invention relates in general to ciownhole 
telemetry and nnore particularly relates to sutsea tenn- 
plate electromagnetic telemetry In particular, the inven- s 
tion relates to utilizing the subsea template of a platform 
to carry an electrical cunent for communicating electro- 
magnetic signals carrying information between surface 
equipment and dcwnhole equipment. 
[0002] The background of the invention will be io 
described in connection with communication between 
surface equipment and downhole devices during hydro- 
cartoon production, as an example. It should be noted 
that the principles of the present invention are applica- 
ble not only during production, but tfiroughout the life of is 
a wellbore including, but not limited to, during drilling, 
logging, testing and completing the wellbore. 
[0003] Heretofore, in this field, a variety of communi- 
cation and transmission techniques have been 
attempted to provide real time communication between 20 
surface equipment and downhole devices. The utiliza- 
tion of real time data transmission provides substantial 
benefits during the production of hydrocartwns from a 
field. For example, monitoring of downhole conditions 
allows for an immediate response to potential well prob- ss 
lems including production of water or sand. 
[0004] One technique used to telemeter downhole 
data to the surface uses the generation and propagation 
of electromagnetic waves. These waves are produced 
by inducing an axial current into, for example, the pro- $0 
duction casing. This current produces the electromag- 
netic waves that Include an electric field and a magnetic 
field, which are formed at right angles to each other. 
The axial current inpressed on the casing is modulated 
witii data causing the electric and magnetic fields to 35 
expand and collapse thereby allowing the data to prop- 
agate and be intercepted by a receiving system. The 
receiving system is typically connected to the ground or 
sea floa where the electromagnetic data is picked up 
and recorded. 40 
[0005] As witti any communication system, the inten- 
sity of the electromagnetic waves is directly related to 
the distance of transmission. As a result, the greater the 
distance of transmission, the greater the loss of power 
and hence tiie weaker tiie received signal at the sur- 45 
lace. Additionally, downhole electromagnetic telemetry 
systems must transmit the electromagnetic waves 
through the earth's strata. In free air. the loss is fairly 
constant and predictable. When transmitting through 
the earth's sti^ata. however, the amount of signal so 
received is dependent upon the skin depth (d) of the 
media through which the electromagnetic waves travel. 
Skin depth Is defined as tiie distance at which tiie power 
from a downhole signal will attenuate by a factor of 8.69 
db (approximately 7 times decrease from the initial ss 
power input), and is primarily dependent ijpon tiie fre- 
quency (f) of the transmission and the conductivity (s) of 
the media through which the electromagnetic waves are 



propagating. For example, at a frequency of 10 hz, and 
a conductance of 1 mhoAneter (1 ohm-m). the skin 
depth would be 159 m (522 ft). Therefore, for each 159 
m (522 ft) in a consistent 1 mho/m media, an 8.69 db 
loss occurs. SWn deptii may be calculated using the fol- 
lowing equation. 

SWn Depth = 6 = 1/V(rcf|ia) 

where: 

n = 3.1417: 

f = frequency (hz); 

|i s permeability {4n x 10^); and 

a = conductance (mhos/m). 

[0006] As shouki be apparent, the higher the conduct- 
ance of the transmission media, tiie lower the frequency 
must be to achieve the same transmission distance. 
Ukewise, the lower the frequency, the greater tiie dis- 
tance of transmission with the same amount of power. 
[0007] A typical elect-omagnetic telemetry system 
ttiat transmits vertically tiirough the earth's strata may 
successfully propagate tiirough ten (10) skin deptiis. In 
ttie example above, for a skin depth of 159 m (522 ft), 
the total transmission and successful reception depth 
would only be <590 m (5.220 ft). It has been found, how- 
ever, that in offshore applications, tiie boundary 
between the sea and tiie sea floor has a nonuniform 
and unexpected electrical discontinuity. Conventional 
electromagnetic systems are, therefore, unable to effec- 
tively transmit or receive the electi^omagnetic signals 
tiirough ttie boundary t)etween ttie sea and the sea 
floor. Additionally, it has been found that conventional 
electromagnetic systems are unable to effectively trans- 
mit the electi'omagnetic signals tiirough sea water or 
tiirough the boundary layer between the sea and air. 
[0008] Therefore, a need has arisen for a system ttiat 
Is capable of telemetering real time data between ttie 
surface and downhole devices using electromagnetic 
waves to carry the information. A need has also arisen 
for an electromagnetic telemetry system that is capable 
of transmitting and receiving electromagnetic signals 
below tiie sea floor and relaying the Information carried 
in the electromagnetic signals tiirough tiie sea water to 
ttie surface. Furttier. a need has arisen for such an elec- 
tromagnetic telemetry system that Is capable communi- 
cating commands to specific downhole devices and 
receiving confirmation that the operation requested in 
ttie command has occurred. 
[0009] The present invention relates to a subsea tem- 
plate electromagnetic telemetry system tiiat is capable 
of telemetering real time data between the surface and 
downhole devices using electromagnetic waves to carry 
ttie information. The system transmits and receives 
electromagnetic signals below the sea floor and relays 
the information carried in the electromagnetic signals 
tiirough the sea water to the surface. The system pro- 
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vides a method to communicate commands to specific 
downhole devices and receiving confirmation tiiat the 
operation requested in the command has occun-ed. 
[001 0] The sut)sea template electromagnetic teleme- 
try system comprises an electromagnetic downlink and s 
pickup apparatus that includes a subsea conductor and 
a.surface installation. The sut>sea conductor may be, for 
example, a subsea template of an offshore production 
platform. The subsea conductor and the surface instal- 
lation are electrically connected using a pair of conduits. io 
The conduits form a pair terminals on the subsea con- 
ductor between which a voltage potential may be estab- 
lished, thereby providing a path for current ftow 
therebetween. 

[001 1 ] The surface installation includes a signal gen- is 
erator and a signal receiver. The signal generator 
injects a current carrying information into the sut)sea 
conductor that will generate electromagnetic waves car- 
rying the information which are propagated downhole 
through the earth. The signal receiver Interprets infbr- 20 
mation carried in a cun'ent generated in the subsea con- 
ductor by electromagnetic waves received by the 
subsea conductor. 

[0012] TTie conduits electrically connecting the sub- 
sea conductor to the surface installation may be electri- 25 
cal wires. Alternatively, one or both of the conduits 
electrically connecting the subsea conductor to the sur- 
face installation may be riser pipes including platform 
legs, conductor pipes of wells and the like. 
[001 3] The subsea conductor may have an electrical so 
coupling extending outwafxJIy therefrom and extending 
above the sea f k)or to provide a connection between an 
electric wire and the subsea conductor. The electrical 
coupling may be a post, a ring or the like. 
[0014] The electromagnetic downlink and pickup 35 
apparatus may be used with the telemetry system for 
changing the operational state of a downhole device. In 
this case, the surfeice installation transmits a command 
signal to the subsea conductor. The subsea conductor 
retransmits the command signal using electromagnetic 40 
waves. The electromagnetic waves are received by an 
electromagnetic receiver disposed in a wellbore. An 
electronics package electrically connected to tiie elec- 
tromagnetic receiver and operably connected to the 
downhole device, generates a driver signal in response 45 
to the command signal that prompts the downhole 
device to change operational states. 
[0015] The downhole portion of the system may 
include an electromagnetic transmitter disposed in the 
wellbore. The electromagnetic transmitter may transmit so 
a verification signal to indicate that the command signal 
has been received and that the command has been 
executed or t)oth. The verification signal may be 
received by the subsea conductor that forwards the sig- 
nal to the surface installation. The verification signal ss 
may be transmitted to tiie surface installation from the 
subsea conductor via the first conduit. 
[0016] The electromagnetic receiver and/or the 



receiver may further comprise a magnetically permea- 
ble annular core (182). a plurality of primary electrical 
conductor windings (184) wrapped axially around the 
annular core (102) and a plurality of secondary electri- 
cal conductor windings (186) wrapped axially around 
the annular core (182). 

[001 7] The system is capable of operating numerous 
downhole devices disposed in multiple wells extending 
from one or more platforms. To achieve this result, the 
command signal generated by the surface installation 
are uniquely associated with specific downhole devices. 
[0018] TYius. the command signal may furtiier com- 
prise a command signal uniquely associated with ttie 
downhole device. The electronics package may deter- 
mine whether the command signal is unk^uely associ- 
ated with the downhole device. 
[0019] According to another aspect of the invention 
there is provided a method of changing the operational 
state of a downhole device comprising the steps of: 
transmitting a command signal from a surface installa- 
tion to a subsea conductor; electromagnetically trans- 
mitting tiie command signal from the subsea conductor; 
receiving the command signal on an electromagnetic 
receiver disposed in a wellbore; generating a driver sig- 
nal in response to the command signal; and changing 
tiie operational state of the downhole device. 
[0020] The step of transmitting the command signal 
from tiie surface installation to tiie subsea conductor 
preferably further comprises transmitting the command 
signal via an electrical conduit 
[0021] The method may further comprise the step of 
transmitting a verifk;ation signal from an electromag- 
netic transmitter disposed in the wellbore. The method 
may furtiier comprise the step of receiving the verifica- 
tion signal on tiie subsea conductor. The metiiod may 
further comprise the step of ti'ansmitting tiie verification 
signal from the subsea conductor to the surface installa- 
tion. 

[0022] The step of transmitting the verification signal 
from the subsea conductor to the surface installation 
may further comprise transmitting the verification signal 
via an electrical conduit 

[0023] The command signal is preferably uniquely 
associated with the downhole device. The method may 
further involve tiie step of determining whether tiie com- 
mand signal is uniquely associated witii the downhole 
device. 

[0024] Reference is now made to the accompanying 
drawings, in which: 

Rgure 1 is a schematic illustration of an offshore oil 
and gas production platform operating an embodi- 
ment of a subsea template electromagnetic teleme- 
try system according to tiie present invention; 
Figures 2A-2B are quarter-sectional views of an 
embodiment of a sonde of a subsea template elec- 
tromagnetic telemetry system according to the 
present invention; 
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Figure 3 is a schematic Illustration of an embodi- 
ment of a toroid having primary and secondary 
windings wrapped therearound for a sonde of a 
subsea template electromagnetic telemetry system 
according to the present invention; 
Rgure 4 is an exploded view of an embodiment of a 
toroid assemk)ly for use as a receiver for a sonde of 
a subsea template electromagnetic telemetry sys- 
tem according to the present invention; 
Figure 5 is an exploded view of an embodiment of a 
toroid assembly for use as a transmitter for a sonde 
of a subsea template electromagnetic telemetry 
system according to the present invention; 
Figure 6 is a perspective view of an embodiment of 
an annular canier of an electronics package for a 
sonde of a subsea template electromagnetic telem- 
etry system according to the present invention; 
Figure 7 is a perspective view of an embodiment of 
an electronics member having a plurality of elec- 
tronic devices thereon for sonde of a subsea tem- 
plate electromagnetic telemetry system according 
to the present invention; 

Figure 8 is a perspective view of an embodiment of 
a battery pack for a sonde of a subsea template 
electromagnetic telemetry system according to the 
present invention; 

Figure 9 is a block diagram of an embodiment of a 
signal processing method used by a sonde of a 
subsea template electromagnetic telemetry system 
according to the present invention; and 
Figures 1 0A-B are flow diagrams of an embodiment 
of a method for operating a subsea template elec- 
tromagnetic telemetry system according to the 
present invention. 

[0025] While the making and using of various embod- 
iments of the present invention are discussed in detail 
below. It should be appreciated that the present inven- 
tion provides many applicable inventive concepts which 
can be embodied in a wide variety of specific contexts. 
The specific embodiments discussed herein are merely 
illustrative of specific ways to make and use the inven- 
tion, and do not delimit the scope of the invention. 
[0026] Referring to f igure 1 . a subsea template elec- 
tromagnetic telemetry system in use on an offshore oil 
and gas platform is schematically illustrated and gener- 
ally designated 10. A production platform 12 is centered 
over submerged oil and gas formations 14. 15 located 
below sea floor 16. Wellheads 18, 20. 22 are located on 
deck 24 of platform 12. Wells 26, 28. 30 extend through 
the sea 32 and penetrate the various earth strata includ- 
ing formations 14, 15. forming, respectively. welltx)res 
34. 36. 38. each of which may be cased or uncased. 
Welibore 36 includes a lateral or branch wellbore 37 that 
extends from the primary wellbore 36. The lateral well- 
bore 37 Is completed in formation 15 which may be iso- 
lated for selective production independent of production 
from formation 14 into wellbore 36. Also extending from 



wellheads 18. 20. 22 are tubing 40. 42, 44 which are 
respectively, disposed in wellbores 34. 36. 38. Tubing 
43 is disposed in lateral welibore 37 and may join tubing 
42 for production theretiirough. 

5 [0027] Wells 26. 28. 30 along with legs 41 . 45 extend 
through subsea template 47. Subsea template 47 helps 
to support platform 12 and allows for the accurate posi- 
tioning of wells 26. 28. 30. Extending outwardly from 
subsea template 47 is coupling 49 which may be a ring, 

10 a post or the like. Coupling 49 is electrically connected 
to electrical wire 51 that extends through sea 32 and ter- 
minates at surface installation 58. An electrtoal wire 60 
connects surface installation 58 to the conductor pipe of 
well 30. Thus, a complete electric circuit is formed that 

IS includes subsea template 47. coupling 49. electrical 
wire 51, surface installation 58, electrical wire 60 and 
the conductor pipe of well 30. 
[0028] Surface installation 58 may be composed of a 
computer system that processes, stores and displays 

20 information relating to fbrmations 14, 15 such as pro- 
duction parameters including temperature, pressure, 
flow rates and oil/water ratio. Surface installation 58 also 
maintains information relating to the operational states 
of the various downhole devices located in wellbores 

25 34. 36. 37, 38. Surface installation 58 may include a 
peripheral computer or a work station with a processor, 
memory, and audiovisual capabilities. Surface installa- 
tion 58 includes a power source for producing the nec- 
essary energy to operate surface installation 58 as well 

30 as tiie power necessary to generate a current between 
electrical coupling 49 and well 30 through subsea tem- 
plate 47. This cun^ent will, in turn, generate electromag- 
netic wave fronts 65. As such, surface installation 58 is 
used to generate command signals that will operate var- 

35 ious downhole devices. Electrical wires 51. 60 may be 
connected to suriace installation 58 using an RS-232 
interface. 

[0029] As part of the final bottom hole assembly prior 
to production, a sonde 46 is disposed within wellbore 

40 38. Likewise, sondes 48. 50. 53 are respectively dis- 
posed wittiin wellbores 36. 34. 37. Sonde 46 Includes 
an electromagnetic transmitter 52, an electronics pack- 
age 54 and an electromagnetic receiver 56. Also dis- 
posed in wellbore 38 are sensors 67 which may obtain. 

45 for example, temperature, pressure, flowrate, or fluid 
composition data relating to production from formation 
14. Thus, if tfie operator needs to obtain real time infor- 
mation from formation 14. surface installation 58 would 
generate a request for information by injecting a nrxxlu- 

50 lated current through subsea template 47 between cou- 
pling 49 and well 30. The current will produce the 
modulated electric and magnetic fields of electromag- 
netic wave fronts 65 to communicate the request to 
sonde 46. Electromagnetic wave fronts 65 are picked up 

55 by electromagnetic receiver 56 of sonde 46 and passed 
on to electronics package 54 for processing and ampli- 
fication. Electi-onics package 54 Interiaces with sensors 
67 requesting the desired information. 
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[0030] Once sensors 67 obtain the information, the 
information is returned to electronics packages 54 for 
processing. Electronics package 54 then establishes 
the frequency, power and phase output of the Infbmia- 
tion prior to fonMarding the information to electromag- 5 
netic transmitter 52 of sonde 46 that radiates 
electromagnetic wave fronts 64 into the earth. The elec- 
tric field of electromagnetic wave fronts 64 will generate 
a modulated cunrent In subsea template 47 between 
coupling 49 and well 30 which serve as electrodes for 10 
sensing the voltage therebetween. The information then 
travels to surface installation 58 via electrical wave 51. 
The information may then be processed by surfoce 
Installation 58 and placed in a useable format. 
[0031] Alternatively, if the operator wanted to reduce 75 
the flow rate of production fluids in well 28, surface 
installation 58 would be used to generate a command 
signal to restrict the opening of bottom hole choke 62, 
The command signal would be injected into subsea 
template 47 via electrical wire 51 . The command signal 20 
would then be radiated into the earth in the form of elec- 
tromagnetic wave fronts 65. Electromagnetic wave 
fronts 54 are picked up by electromagnetic receiver 66 
of sonde 48. The command signal is then fonvarded to 
electronics package 68 of sonde 48 for processing and 25 
amplification. Electronics package 68 interfaces with 
bottom hole choke 62 and sends a driver signal to bot- 
tom hole choke 62 to restrict the flow rate therethrough. 
[0032] Once the flow rate in well 28 has been 
restricted by bottom hole choke 62. bottom hole choke 30 
62 interfaces with electronics package 68 of sonde 48 to 
provide verification that the command generated by sur- 
face installation 58 has been accomplished. Electronics 
package 68 then sends the verification signal to electro- 
magnetic transmitter 70 of sonde 48 that radiates elec- 35 
tromagnetic wave fronts 72 into the earth which are 
picked up by subsea template 47 and passed onto sur- 
face installation 58 via electrical wire 51 as describe 
above. 

[0033] As another example, the operator may want to 40 
shut in production in lateral wellbore 37. As such, sur- 
face installation 58 would generate the shut in com- 
mand signal and Inject it Into subsea tenplate 47. 
Electromagnetic wave fronts 65 are tiien generated as 
desaibed above. The shut in comnrand wouM be 45 
picked up by electromagnetic receiver 55 of sonde 53 
and processed in electronics package 57 of sonde 53. 
Electronics package 57 interfaces witii valve 59 causing 
valve 59 to close. This change In the operational state of 
valve 59 would be verified to surface installation 58 as so 
desaibed above, by radiating electromagnetic wave 
fronts 61 from electromagnetic transmitter 63 which 
generate a current in subsea template 47 that relays the 
verifk^tion to surfece installation 58 via electrical wire 
51. 55 
[0034] Similarly the operator may want to actuate a 
sliding sleeve in a selective completion with sliding 
sleeves 74. A command signal woukJ again be gener- 



ated by surfece installation 58 and Injected into subsea 
template 47 via electrical wire 51 . Electromagnetic wave 
fronts 65 woukJ then be generated, thereby transmitting 
the command signal to electromagnetic receiver 76 of 
sonde 50. The command signal is fonwarded to elec- 
tronics package 78 for processing, amplification and 
generation of a driver signal. Electronics package 78 
then interfaces with sliding sleeves 80. 82 and sends 
the driver signal to shut off production, from the lower 
portion of formation 14 by closing sliding sleeve 82 and 
allow production from the upper portion of formation 14 
by opening sliding sleeve 80. SIkJIng sleeves 80, 82 
interface with electronics package 78 of sonde 50 to 
provide verification information regarding ttieir respec- 
tive changes in operational states. This information is 
processed and passed to electromagnetic transmitter 
84 whk:h generates electromagnetic wave fronts 86. 
Electromagnetic wave fronts 86 propagated through the 
earth and are picked up by subsea template 47. The 
verification Information is then passed onto surface 
installation 58 via electrical wire 51 for analysis and 
storage. | 

[0035] Each of tiie command signals generated by 
surface installation 58 is uniquely associated with a par- 
ticular downhole device such as bottom hole choke 62. 
valve 59. sensors 67 or sliding sleeves 80, 82. Thus, as 
will be f urtiier discussed with reference to figures 9 and 
10 below, electronics package 68 of sonde 46 will only 
process a command signal that is uniquely associated 
with a downhole device, such as bottom hole choke 62. 
located wittiln wellbore 36. Similarly, electronics pack- 
age 57 of sonde 46 will only process a command signal 
that Is uniquely associated with a downhole device, 
such as valve 59. located within wellbore 37. while elec- 
tronics package 54 of sonde 46 will only process a com- 
mand signal that is uniquely associated with a downhole 
device, such as sensors 67, located within wellbore 38 
and electronics package 78 of sonde 50 will only proc- 
ess a command signal uniquely associated with a 
downhole device, such as sliding sleeves 80. 82. 
located within wellbore 34. Thus, the subsea template 
electromagrietic telemetry system of tiie present inven- 
tion allows fbr the monitoring of well data and the control 
of multiple downhole devices located in multiple wells 
from one central point. 

[0036] Even though figure 1 depicts three wells 26, 28. 
30 extending from a single platform 12. it should be 
apparent to tiiose skilled In tiie art ttiat the principles of 
the present Invention are applicable to a single platform 
having any number of wells or to multiple platfbnns so 
long as the wells are within the transmission range of 
the electromagnetic wave such as electromagnetic 
wave fronts 65 from the master platform such as plat- 
fbmi 12. It shoukJ be noted, that the transmission range 
of electromagnetic waves such as electromagnetic 
wave fronts 65 is significantly greater when t-ansnritting 
horizontally through a single or limited number of strata 
as compared with transmitting vertically through numer- 
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ous strata. For example, electromagnetic waves such 
as electromagnetic wave fronts 65 may travel between 
3.000 and 6.000 ft (914 to 1829 m) vertically white 
traveling between 15.000 and 30.000 ft (4570 to 9144 
m) horizontally depending on factors such as the volt- 5 
age. the frequency of transmission, the conductance of 
the transmission media, and the level of noise. The 
transmission range of electromagnetic waves such as 
electromagnetic wave fronts 65 may be extended, how- 
ever, using electromagnetic repeaters that may extend w 
either the vertical or horizontal transmission range or 
both. 

[0037] Even though figure 1 depicts well 30 as com- 
pleting the electrical circuit between surface installa- 
tions . 58 and subsea tenplate 47. it should be is 
understood by those skilled in the art that a variety of 
electrical connections could be used to complete the 
electrical circuit including, but not limited to, wells 26, 
28. legs 41. 45 or otiier riser pipe in electrical contact 
witii subsea template 47. Also, it should be understood 20 
by those skilled in tiie art that the current injected by 
surface installation 58 may travel either from well 30 to 
coupling 49 or from coupling 49 to well 30 for the gener- 
ation of electromagnetic wave fronts 65. Similarly, it 
shouki be understood by those skilled in the art ttiat the 2s 
current generated between well 30 and coupling 49 by 
electromagnetic waves such as electromagnetic wave 
fronts 61, 64. 72, 86 may travel either from well 30 to 
coupling 49 and up electrical wire 51 to surface installa- 
tion 58 or from coupling 49 to well 30 and ip the con- 30 
ductor pipe of well 30 to surface installation 58. 
[0038] Representatively illustrated in figures 2A-2B is 
a sonde 77 of the present invention. For convenience of 
illustration, figures 2A-2B depict sonde 77 in a quarter 
sectional view. Sonde 77 has a box end 79 and a pin 35 
end 81 such tiiat sonde 77 is threadably adaptable to 
other tools in a final bottom hole assembly. Sonde 77 
has an outer housing 83 and a mandrel 85 having a full 
bore so that when sonde 77 is disposed within a well, 
tubing may be inserted tiierethrough. Housing 83 and 40 
mandrel 85 protect the operable conponents of sonde 
77 during installation and production. 
[0039] Housing 83 of sonde 77 includes an axially 
extending and generally tubular upper connecter 87. An 
axially extending generally tubular intermediate housing 45 
member 89 is threadably and sealably connected to 
upper connecter 87. An axially extending generally 
tubular lower housing member 90 is threadably and 
sealably connected to intermediate housing member 
89. Collectively, upper connecter 87. intermediate hous- so 
irtg member 89 and lower housing member 90 form 
upper subassembly 92. Upper sulDassembly 92 is elec- 
trically connected to the section of the casing above 
sonde 77. 

[0040] An axially extending generally tut>ular isolation ss 
subassembly 94 is securably and sealably coupled to 
lower housing member 90. Disposed between isolation 
subassembly 94 and lower housing member 90 is a die- 



lectric layer 96 that provides electric isolation between 
lower housing member 90 and isolation subassembly 
94. Dielectric layer 96 is conposed of a dielectric mate- 
rial, such as Teflon, chosen for its dielectric properties 
and capably of withstanding compression loads without 
extruding. 

[0041] An axially extending generally tubular lower 
connecter 98 is securably and sealat)ly coupled to isola- 
tion subassembly 94. Disposed between lower con- 
necter 98 and isolation subassembly 94 is a dielectrrc 
layer 100 that electrically isolates lower connecter 98 
from isolation subassembly 94. Lower connecter 98 is 
electrically connected to the portion of the casing below 
sonde 77. 

[0042] it shouki be apparent to tiiose skilled in the art 
that the use of directional terms such as above, below, 
upper, lower, upward, downward, etc. are used in rela- 
tion to the illustrative embodiments as they are depicted 
in ttie figures, the upward direction being toward the top 
of tiie corresponding figure and the downward direction 
being toward tiie bottom of the corresponding figure. It 
is to be understood tiiat the downhde component 
described herein, for exannple, sonde 77, may be oper- 
ated in vertical, horizontal, inverted or inclined orienta- 
tions witiiout deviating from the principles of the present 
invention. 

[0043] Mandrel 85 includes axially extending gener- 
ally tubular upper mandrel section 102 and axially 
extending generally tubular lower mandrel section 104. 
Upper mandrel section 102 is partially disposed and 
sealing configured within upper connecter 87. A dielec- 
tric member 106 electrically isolates upper mandrel sec- 
tion 102 from upper connecter 87. The outer surface of 
upper mandrel section 102 has a dielectric layer dis- 
posed tiiereon. Dielectric layer 108 may be. for exam- 
ple, a Teflon layer. Together, dielectric layer 108 and 
dielectric member 106 iserve to electrically isolate upper 
connecter 87 from upper mandrel section 102. 
[0044] Between upper mandrel section 1 02 and lower 
mandrel section 104 is a dielectric member 110 that, 
atong with dielectric layer 108, serves to electrwally iso- 
late upper mandrel section 1 02 from lower mandrel sec- 
tion 104. Between lower mandrel section 104 and lower 
housing member 90 is a dielectric member 1 12. On the 
outer surface of lower mandrel section 104 is a dielec- 
tric layer 114 which, along with dielectrk; member 1 12. 
provkjes for electric isolation of lower mandrel section 
104 from lower housing number 90. Dielectric layer 114 
also provides for electric isolation between lower man- 
drel section 104 and isolation subassembly 94 as well 
as between lower mandrel section 104 and lower con- 
necter 98. Lower end 1 1 6 of lower mandrel section 1 04 
is disposed wittiin lower connecter 98 and is in electrical 
communication with lower connecter 98. Intermediate 
housing member 89 of outer housing 83 and upper 
mandrel section 102 of mandrel 85 define annular area 
1 18. A receiver 120. an electronics package 122 and a 
transmitter 1 24 are disposed within annular area 1 18. 



6 



11 EP0945 

[0045] In operation, sonde 77 receives a command 
signal in the form of electromagnetic wave fronts 65 
generated by subsea template 47 of figure 1. Electro- 
magifietic receiver 120 fbrwaifds the command signal to 
electronics package 122 via electrical conductor 126. 5 
Electronics package 122 processes the command sig- 
nal as will be discussed with reference to figures 9 and 
1 0 and generates a driver signal. The driver signal is for- 
warded to the downhole device uniquely associated 
with the command signal to change the operational 10 
state of the downhole device. A verification signal is 
returned to electronics package 122 from the downhole 
device and is processed and fonn^rded to electromag- 
netic transmitter 124. Electromagnetic transmitter 124 
transforms the verification signal into electromagnetic is 
waves which are radiated into the earth and picked up 
by subsea template 47 and passed to surface installa- 
tion 58 via ^ectrical wire 51 . 
[0046] Refemng now to figure 3. a schematic illustra- 
tion of a tproid is depicted and generally designated 20 
180. Torord 180 includes magnetically permeable annu- 
lar core 182, a plurality of electrical conductor windings 
184 and a plurality of electrical conductor windings 186. 
Windings 184 and windings 186 are each wrapped 
around annular core 1 82. Collectively, annular core 1 82, 25 
windings 184 and windings 186 serve to approximate 
an electrical transformer wherein either windings 184 or 
windings 186 may serve as the primary or the second- 
ary of the transformer. 

[0047] In one emtKxJiment. the ratio of primary wind- 30 
ings to secondary windings is 2:1. For example, the pri- 
mary windings may include 100 turns around annular 
core 182 while the secondary windings may include 50 
turns around annular core 182. In another embodiment, 
the ratio of secondary windings to primary windings is 3S 
4:1, For example, primary windings may include 10 
turns around annular core 182 while secondary wirKl- 
Ings may include 40 turns around annular core 182. It 
will be apparent to those skilled in the art that the ratio 
of primary windings to secondary windings as well as 40 
the specific number of turns around annular core 182 
will vary based upon factors such as the diameter and 
height of annular core 182, the desired voltage, current 
and frequency characteristics associated with the pri- 
mary windings and secondary windings and the desired 4S 
magnetic flux density generated by the primary wind- 
ings and secondary windings. 
[0048] Toroid 1 80 of the present invention may serve, 
for example, as electromagnetic receiver 120 or electro- 
magnetic transmitter 124 of figure 2. The following so 
desaiption of the orientation of windings 184 and wind- 
ings 186 will therefore be applicable to each of the 
above. 

[0049] With reference to figures 2 and 3. windings 184 
have a first end 188 and a second end 190. First end 55 
188 of windings 184 is electrically connected to elec- 
tronics package 122. When toroid 180 serves as elec- 
tromagnetic receiver 120. windings 184 serve as the 
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secondary wherein first end 188 of windings 184 feeds 
electronics package 122 with the command signal via 
electrical conductor 126. The command signal is proc- 
essed by electronics package 122 as will be further 
described with reference to figures 9, 10 below. When 
toroid 180 serves as electromagnetic transmitter 124, 
windings 184 serve as the primary wherein first end 188 
of windings 184, receives the verification signal from 
electronics package 122 via electrical conductor 128. 
Second end 190 of windings 184 is electrically con- 
nected to upper subassembly 92 of outer housing 83 
which serves as a ground. 

[0050] Windings 1 86 of toroid 1 80 have a first end 1 92 
and a second end 194. First end 192 of windings 186 is 
electrically connected to upper subassembly 92 of outer 
housing 83. Second end 194 of windings 186 is electri- 
cally connected to lower connecter 98 of outer housing 
83. First end 192 of windings 186 is thereby separated 
from second end 1 92 of windings 1 86 by Isolations sub- 
assembly 94 which prevents a short between first end 
192 and second end 194 of windings 186. 
[0051] When tofoid 180 serves as electromagnetic 
receiver 120, electromagnetic wave fronts, such as 
electromagnetic wave fronts 65 induce a current in 
windings 186. which serve as the primary The cun-ent 
Induced in windings 186 Induces a cun-ent in windings 
184. the secondary, which feeds electronics package 
122 as described above. When toroid 180 serves as 
electromagnetic transmitter 124, tiie current supplied 
from electronics package 122 feeds windings 184. the 
primary, such that a cunent is induced in windings 186. 
the secondary. The current In windings 186 induces an 
axial cun^ent on tiie casing, thereby producing electro- 
magnetic waves. 

[0052] Due to the ratio of primary windings to second- 
ary windings, when toroid 180 serves as electromag- 
netic receiver 120, the signal canried by the cun^ent 
induced in the primary windings Is increased in the sec- 
ondary windings. Similarly, when toroid 180 serves as 
electromagnetic transmitter 124, the current in the pri- 
mary windings is increased in tiie secondary windings. 
[0053] Refemng now to figure 4, an exploded view of 
a toroid assembly 226 is depicted. Toroid assembly 226 
may be designed to serve, for example, as electromag- 
netic receiver 120 of figure 2. Toroid assembly 226 
includes a magnetically permeable core 228, an upper 
winding cap 230, a lower winding cap 232, an upper 
protective plate 234 and a lower protective plate 236. 
Winding caps 230. 232 and protective plates 234. 236 
are formed from a dielectric material such as f berglass 
or phenolic. Windings 238 are wrapped around core 
228 and winding caps 230, 232 by inserting windings 
238 into a plurality of slots 240 which, along with the die- 
lectric material, prevent electrical shorts between tiie 
turns of winding 238. For illustrative purposes, only one 
set of winding, windings 238, have been depicted. It will 
be apparent to those skilled in the art that. In operation, 
a primary and a secondary set of windings will be uti- 
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lized by toroid assembly 226. 
[0054] Figure 5 depicts an exploded view of toroid 
assembly 242 which may serve, for example, as electro- 
magnetic transmitter 124 of figure 2. Toroid assembly 
242 includes four magnetically permeable cores 244, 5 
246, 248 and 250 between an upper winding cap 252 
and a lower winding cap 254. An upper protective plate 
256 and a lower protectVe plate 258 are disposed 
respectively above and below upper winding cap 252 
and lower winding cap 254. In operation, primary and io 
secondary windings (not pictured) are wrapped around 
cores 244. 246. 248 and 250 as well as upper winding 
cap 252 and lower winding cap 254 through a plurality . 
of slots 260. 

[0055] As should be apparent from figures 4 and 5. the is 
number of magnetically permeable cores such as core 
228 and cores 244, 246, 248 and 250 may be varied, 
dependent upon the required length for the toroid as 
well as whether the toroid serves as a receiver, such as 
toroid assembly 226, or a transmitter, such as toroid 20 
assembly 242. tn addition, as will be known by those 
skilled in the art, the number of cores will be dependent 
upon the diameter of the cores as well as the desired 
voltage, current and frequency carried by the primary 
windings and the secondary windings, such as windings 25 
238. 

[0056] Turning next to figures 6, 7 and 8 collectively. . , 
therein are depicted the components of an electronics 
package 195 of the present invention. Electronics pack- 
age 195 may serve as the electronics package used in 30 
the sondes described above. Electronics package 195 
includes an annular carrier 196, an electronics member 
198 and one or more t>attery packs 200. Annular carrier 
196 is disposed between outer housing 83 and mandrel 
85. Annular carrier 196 includes a plurality of axial 3S 
openings 202 for receiving either electronics member 
1 98 or battery packs 200. 

[0057] Even though figure 8 depicts four axial open- 
ings 202, it should be understood by one skilled in the 
art that the number of axial openings in annular carrier 40 
196 may be varied. Specifically, the number of axial 
openings 202 will be dependent upon the number of 
battery packs 200 that are required. 
[0058] Electronics member 198 is insertabie into an 
axial opening 202 of annular cannier 196. Electronics 4S 
member 198 receives a command signal from first end 
188 of windings 184 when toroid 180 serves as, for 
example, electromagnetic receiver 1 20 of figure 2. Elec- 
tronics member 198 includes a plurality of electronic 
devices such as limiter 204, preamplifier 206, notch fil- so 
ter 208. bandpass filters 2 10. phase lock loop 212. clock 
214, shift registers 216, comparators 218, parity check 
220. storage device 222, and amplifier 224. The opera- 
tion of these electronic devices will be more full dis- 
cussed with reference to figures 9 and 1 0. ss 
[0059] Battery packs 200 are insertabie into axial 
openings 202 of axial carrier 196. Battery packs 200, 
which includes batteries such as nickel cadmium batter- 



ies or lithium batteries, are configured to provide the 
proper operating voltage and current to the electronic 
devices of electronics memb& 1 98 and to torokj 180. 
[0060] Turning now to figure 9 and with reference to 
figure 1, one embodiment of the method for processing 
the command signal is described. The method 500 uti- 
lizes a plurality of electronic devices such as those 
described with reference to figure 7. Method 500 pro- 
vides for digital processing of the command signal gen- 
erated by surface installation 58 and transmitted via 
electromagnetic wave fronts 65. Limiter 502 receives 
the command signal from electromagnetic receiver 504. 
Limiter 502 may include a pair of diodes for attenuating 
the noise in the command signal to a predetermined 
range, such as between about .3 and .8 volts. The com- 
mand signal is then passed to amplifier 506 which may 
amplify the command signal to a predetermined voltage 
suitable for circuit logic, such as 5 volts. The command 
signal is then passed through a notch filter 508 to shunt 
noise at a predetermined frequency, such as 60 hertz. 
The command signal then enters a bandpass filter 510 
to attenuate high noise and low noise and to recreate 
the original waveform having the original frequency, for 
example, two hertz. 

[0061] The command signal Is then fed through a 
phase lock loop 512 that is controlled by a precision 
dock 513 to assure that the command signal which 
passes through bandpass filter 510 has the proper fre- 
quency and is not simply noise. As the command signal 
will include a certain amount of earner frequency first, 
phase lock loop 512 will verify that the received signal 
is. in fact a command signal. The command signal then 
enters a series of shift registers that perform a variety of 
error checking features. 

[0062] Sync check 51 4 reads, for example, the first six 
brts of the Information carried in the command signal. 
These first six bits are compared with the six bits stored 
in comparator 516 to determine whether the command 
signal is carrying the type of information intended for a 
sonde, such as sondes 46. 48. 50. 53. For example, the 
first 6 bits in the preamble of the command signal must 
carry the code stored in comparator 516 in order for the 
command signal to pass through sync check 514. Each 
of the sondes of the present invention, such as sonde 
46, 48. 50. 53 may use the same code in comparator 
516. 

[0063] If the first six bits in the preamble correspond 
with that in comparator 516. the command signal 
passes to an Identtfication check 518. Identification 
check 518 determines whether the command signal is 
uniquely associated with a specific downhole device 
controlled by that sonde. For example, the comparator 
520 of sonde 48 will require a specific binary code while 
comparator 520 of sonde 50 will require a cGfferent 
binary code. Specifically, if the command signal is 
uniquely associated with bottom hole choke 62. the 
command signal will include a binary code that will cor- 
respond with the binary code stored in comparator 520 
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of sonde 48. 

[0064] After passing through identification check 51 8. 
the command signal is shifted into a data register 520 
which Is in communication with a parity check 522 to 
analyze the information carried in the comn^and signal 
for errors and to assure that noise has not infiltrated and 
abrogated the data stream by checking the parity of the 
data stream. If no en^ors are detected, the command 
signal is shifted into storage registers 524, 526. For 
example, once the command signal has been shifted 
into storage register 524, a binary code carried in the 
command signal is compared with that stored in compa- 
rator 528. If the binary code of ttie command signal 
matches that in comparator 528, the command signal Is 
passed onto output driver 530. Output driver 530 gener- 
ates a driver signal that is passed to the proper down- 
hole device such that the operational state of the 
downhole device is changed. For example, sonde 50 
may generate a driver signal to change the operational 
state of sliding sleeve 82 from open to ck)se. 
[0065] Similarly, the binary code in the command sig- 
nal stored in storage register 526 is compared with that 
In comparator 532. If the binary codes match, compara- 
tor 532 fopfvards the command signal to output driver 
534. Output driver 534 generates a driver signal to oper- 
ate another downhole device. For example, sonde 50 
may generate a driver signal to change the operational 
state of sliding sleeve 80 from closed to open to allow 
formation fluids from the top of formation 1 4 to flow Into 
well 26. 

[0066] Once the operational state of the downhole 
device has been changed according to the command 
signal, a verification signal is generated and returned to 
sonde 50. The verification signal is processed by sonde 
50 and passed on to electromagnetic transmitter 84 of 
sonde 50. Electromagnetic transmitter 84 transforms 
the verification signal Into electromagnetic wave fronts 
86. which are radiated Into the earth to be picked up by 
subsea template 47. As explained above the verification 
signal is then forwarded to surface installation 58 via 
electrical wire 51. 

[0067] Even though figure 9 has described sync check 
514, Identifier check 518, data register 520 and storage 
registers 524. 526 as shift registers, it should be appar- 
ent to those skilled In the art that afternate electronic 
devices may be used for error checking and storage 
Including, but not limited to, random access memory, 
read only memory, erasable programmable read only 
memory and a microprocessor. 
[0068] In figures 1 0A-B, a method for operating a sub- 
sea template electromagnetic telemetry system of the 
present invention is shown in a block diagram generally 
designated 600. The method begins with the generation 
of a command signal 602 by surfece Installation 58. 
When the command signal 602 is generated, a timer 
604 is set. If the command signal 602 is a new message 
606, surface Installation 58 initiates the transmission of 
comnnand signal 602 in step 608. If command signal 



602 is not a new message, it must be acknowledged In 
step 607 prior to being transmitted in step 608. 
[0069] Transmission 608 Involves sending the com- 
mand signal 602 to subsea template 47 via electrical 

5 wire 51 and generating electromagnetic wave fronts 65. 
The sondes listen tor ttie command signal 602 in step 
610. When a command message 602 is received by a 
sonde in step 61 2, the command signal 602 is verified in 
step 614 as descnlDed above with reference to figure 9. 

10 tf tiie sonde is unable to verify the command signal 602, 
and ttie timer has not expired in step 616, tiie sonde will 
continue to listen for the command signal in step 610. If 
the timer has expired in step 616, and a second time out 
occurs in step 610. tiie command signal is flagged as a 

75 bad transmission in step 620. 

[0070] If the command signal 602 is requesting a 
change in the operational state of a downhole device, a 
driver signal is generated in step 622 such that the oper- 
ational state of the downhole device is changed iri step 

20 624. Once the operational state of tiie downhole device 
has been changed, the sonde receives a verification 
signal from ttie dowf/nhote device in step 626. If tiie veri- 
fication signal is not received, the sonde will again 
attempt to change ttie operational state of the downhole 

ss device in step 624. If a verification signal is not received 
after the second aftempt to change the operational state 
of ttie downhole device, in step 628, a message is gen- 
erated Indicating ttiat there has been a failure to change 
ttie operational state of the downhole device. 

30 [0071] TTie status of ttie downhole device, whether 
operationally changed or not, is then transmitted by the 
sonde in step 630. The surface Installation listens for the 
carrier in step 632 and receives the status signal In step 
634, which is verified by the surface installation in step 

35 636. If the surface installation does not receive ttie sta- 
tus message In step 634. the surface installation contin- 
ues to listen for a carrier In step 632. If ttie timer has 
expired in step 638. and a second time out has occunred 
in step 640, the transmission Is flagged as a ba6 trans- 

40 mission In step 642. Also, If the surface installation Is 
unable to verify the status of the downhole device In 
step 636, the surface installation will continue to listen 
for a can-ier in step 632. If the timers in steps 638, 640 
have expired, however, the transmission will be flagged 

45 as a bad transmission in step 642. 

[0072] In addition, tiie mettiod of tiie present Invention 
includes a check back before operate loop which may 
be used prior to ttie actuation of a downhole device. In 
tills case, command message 602 will not change ttie 

50 operational state of a downhole device. In step 622, 
rather the sonde will simply acknowledge the command 
signal 602 in step 644. The surface installation will listen 
for a carrier In step 646. receive the acknowledgment In 
step 648 for verification in step 650. If ttie surface Instal- 

55 lation does not receive the acknowledgment in step 648, 
ttie surface installation will continue to listen for a earner 
In step 646. If the timers have expired in steps 652, 654, 
ttie tiansmission wilt be flagged as a bad transmission 



9 



17 



EP0945 590 A2 



18 



in step 620. Additionalty. if the surface installation is 
unable to verify the acknowledgment in step 650, the 
surface installation will continue to listen for a earner in 
step'646. K the timers in step 652 and step 654 have 
timed out. however, the 'transmission will be flagged as 5 
a bad transmission in step 620. 
[0073] It will be appreciated that the invention 
described above may be modified. 

Clalnis 10 

1 . An electromagnetic downlink and pickup apparatus 
for transmitting and receiving electromagnetic sig- . 
nals. comprising: a subsea conductor (47); a sur- 
face installation (58) ; and first and second conduits is 
(30,51) electrically connecting the subsea conduc- 
tor (47) and the surface installation (58). the first 
and second conduits (30.51) forming a pair termi- 
nals on the subsea conductor (47) between which a 
voltage potential may be established, thereby pro- 20 
viding a path for current flow therebetween. 

2. Apparatus according to claim 1 , wherein the sub- 
sea conductor (47) is a subsea template. 

25 

3. Apparatus according to claim 1 or 2. wherein the 
surface installation (58) further comprises a signal 
generator for injecting a current canrying infomna- 
tion into the subsea conductor (47), thereby gener- 
ating electromagnetic waves canying the 30 
information. 

4. Apparatus according to claim 1 . 2 or 3, wherein the 
surface installation (58) further comprises a signal 
receiver for interpreting information carried in a cur- 3s 
rent generated in the subsea conductor by electro- 
magnetic waves. 

5. Apparatus according to any preceding daim. 
wherein the first conduit (30) further comprises an 40 
electrical wire. 

6. Apparatus according to any one of claims 1 to 4. 
wherein the first conduit (30) further comprises a 
riser pipe. 4S 



electromagnetic receiver (55,56.66.76) disposed in 
a welibore (37.38,36.34) for receiving the command 
signal; and an electronics package (57,54.68,78) 
electrically connected to the electromagnets 
receiver (55.56,66.76) and operably connected to 
the downhole device, the electronics package 
(57.54,68,78) generating a driver signal in 
response to the command signal that prompts the 
downhole device to change operational states. 

8. A system according to claim 7, wherein the electro- 
magnetic receiver (55,56.66.76) further comprises 
a magnetically permeatDle annular core (182), a plu- 
rality of primary electrical conductor windings (184) 
wrapped axially around the annular core (182) and 
a plurality of secondary electrical conductor wind- 
ings (186) wrapped axially around the annular core 
(182). 

9. A method of changing the operational state of a 
downhole device comprising the steps of: transmit- 
ting a command signal from a surface installation 
(58) to a subsea conductor (47); electromagneti- 
cally transmitting the command signal from the sub- 
sea conductor (47); receiving the command signal 
on an electromagnetic receiver (55.56,66.76) dis- 
posed in a welibore (37.38.36.34); generating a 
driver signal in response to the command signal; 
and changing the operational state of the downhole 
device. 

10. A method according to claim 9, wherein the step of 
transmitting the command signal from the surface 
installation (58) to the subsea conductor (47) fur- 
ther comprises transmitting the command signal via 
an electrical conduit. 



7. A downhole telemetry system for changing the 
operational state of a downhole device, the system 
comprising: a subsea conductor (47); a surface 
installation (58) for transmitting a command signal; so 
first and second conduits (30.51) electrically con- 
necting the subsea conductor (47) and the surface 
installation (58). the first and second conduits 
(30.51) fomiing a pair temiinals on the subsea con- 
ductor (47) between which a voltage potential may ss 
be established to provide a path for cun'ent flow 
therebetween, the sut>sea conductor (47) electro- 
magnetically transmitting the command signal; an 



10 



EP0945590A2 




11 



EP0945590A2 




EP0945 590A2 




EP0945 590A2 




FIG. 6 



14 



EP0945590 A2 




15 



EP0945590 A2 




16 



EP0 945 590 A2 




17 



